Background: Chorein, a protein encoded by VPS13A (vacuolar protein sorting-associated protein 13A), is defective in chorea acanthocytosis, a rare disease characterized by acanthocytosis of red blood cells and neuronal cell death with progressive hyperkinetic movement disorder, cognitive dysfunction, behavioral abnormalities and chronic hyperkalemia. Chorein is highly expressed in ZF rhabdomyosarcoma cells and counteracts apoptosis of those cells. Chorein is effective in part by interacting with and fostering stimulation of phosphoinositide-3-kinase (PI3K)-p85-subunit. PI3K dependent signaling includes the serum and glucocorticoid inducible kinase SGK1. The kinase activates NFκB with subsequent up-regulation of the Ca 2+ channel subunit Orai1, which accomplishes store operated Ca 2+ entry (SOCE). Orai1 and SOCE have been shown to confer survival of tumor cells. The present study thus explored whether chorein impacts on Orai1 expression and SOCE. Methods: In rhabdomyosarcoma cells chorein, Orai1, NFκB and SGK1 transcript levels were quantified by RT-PCR, Orai1 protein abundance by Western blotting, FACS analysis and confocal laser microscopy, [Ca 2+ ] i utilizing Fura-2 fluorescence, and SOCE from the increase of [Ca 2+ 
Introduction
The protein chorein interacts with the phosphoinositide-3-kinase (PI3K)-p85-subunit presumably leading to stimulation of PI3K-p85-subunit tyrosine phosphorylation [1] [2] [3] . Subsequent chorein sensitive signaling includes activation of Rac1 and PAK1, polymerization of cortical actin, phosphorylation of Bad, and prevention of mitochondrial depolarization [3] . Loss-of-function mutations of the chorein encoding gene VPS13A (vacuolar protein sortingassociated protein 13A) account for chorea-acanthocytosis (ChAc), an autosomal recessive genetic disease [4] [5] [6] [7] [8] [9] characterized by progressive hyperkinetic movement disorder, cognitive dysfunction, behavioral abnormalities, chronic hyperkalemia and variable acanthocytosis of red blood cells [5, 10] . In mice, chorein knockout has been shown to result in erythrocyte shape changes [11] , neuronal apoptosis [12] and behavioral abnormalities [12] .
Chorein is expressed in diverse tissues [13] [14] [15] and participates in the regulation of platelet secretion and aggregation [15] , of endothelial cell stiffness [14] , of cytoskeleton rearrangement [16] and of survival of ZF rhabdomyosarcoma cells [17] . Chorein silencing in ZF rhabdomyosarcoma cells blunted phosphoinositide 3 kinase (PI3K) activation and fostered induction of apoptosis [17] .
PI3K sensitive mechanisms counteracting apoptosis include the serum & glucocorticoid inducible kinase SGK1 [18] . In part by activation of the transcription factor NFκB, SGK1 upregulates the store-operated Ca 2+ entry (SOCE) or Ca 2+ release-activated Ca 2+ channel I CRAC [19] [20] [21] , which are accomplished by the pore-forming Ca 2+ channel subunits Orai1, Orai2 and/or Orai3 [22] [23] [24] [25] , as well as their regulators STIM1 and/or STIM2 [26] [27] [28] [29] [30] . Orai1 is decisive for rhabdomyosarcoma cell survival [31] .
The present study explored, whether chorein modifies the expression of SGK1 and Orai1 and thus impacts on SOCE. To this end, the influence of chorein silencing on SGK1 and Orai1 transcript levels and protein expression as well as SOCE were determined in ZF rhabdomyosarcoma cells.
Materials and Methods

Cells
The rhabdomyosarcoma cell lines ZF (established at the Children's Hospital Tuebingen from a multifocal, alveolar rhabdomyosarcoma of an eight year old girl), RD and A204 (ATCC, USA) were cultured in DMEM high glucose (Gibco) containing 10% FBS and 1% penicillin/streptomycin (Sigma-Aldrich, USA) under standard culture conditions (37°C, 5% CO 2 ). The cells were seeded at 3x10 5 cells/ml for 48 h before RNA isolation.
Silencing of chorein
To silence chorein, ZF rhabdomyosarcoma cells were seeded in 6 well plates 24h before transfection. Then cells were transfected with validated siRNA for VPS13A (chorein) (ID# s23342, Ambion, Darmstadt, Germany) or with a negative control siRNA (ID#4390843, Ambion) using siPORT amine transfection agent (Ambion) according to the manufacturer's protocol. The efficiency of silencing was checked by RT-PCR.
RT-PCR
Transcript levels of the respective genes were determined by real-time PCR. To this end total RNA was isolated 48h after transfection using the Trifast Reagent (Peqlab, Erlangen, Germany). cDNA was generated by reverse transcription of two µg RNA and GoScript Reverse Transcriptase Kit (Promega) according to the manufacturer's protocol. Quantitative real-time PCR was performed with the BioRad iCycler iQ TM RealTime PCR Detection System (Bio-Rad Laboratories) using GoTaq Sybr Green Master Mix (Promega). The reaction was applied in a final volume of 20 µl containing 2 µl of cDNA under following conditions: an initial incubation at 95°C for 5 min, 40 cycles at 95°C for 15 s, 59°C for 20 s and 72°C for 30s. Specificity of the PCR products was verified by melting curve analysis. The subsequent primers were used (5'→3' orientation):
VPS13A fw: AGTTCTCATCTTCTGGCTTCAG VPS13A rev: AGTGGGACGACGTCTGTACAC SGK1 fw: AGATTCACAGGGACACATTGTCC SGK1 rev: TCGTACATTTCAGCTGTGTTTCG ORAI1 fw: AGCCTCAACGAGCACTCCAT; ORAI1 rev: CTGATCATGAGCGCAAACAGG; NFκB1 fw: GCC CGA AAC GCC GAA TAT NFκB1 rev: CCG TGG TTC GTG GCT CTC GAPDH fw: TGAGTACGTCGTGGAGTCCACTG GAPDH rev: GGTGCTAAGCAGTTGGTGGTG The gene expression levels were normalized to the expression levels of GAPDH in the same cDNA sample. Relative quantification was calculated according to the ΔCt method.
Ca
2+ measurements Fura-2 fluorescence was utilized to determine intracellular Ca 2+ measurements. Therefore cells were loaded with Fura-2/AM (2 µM, Invitrogen, Goettingen, Germany) for 15 min at 37°C. Afterwards the cells were excited alternatively at 340 nm and 380 nm through an objective (Fluor 40×/1.30 oil) built in an inverted phase-contrast microscope (Axiovert 100, Zeiss, Oberkochen, Germany). Emitted fluorescence intensity was recorded at 505 nm. Data were acquired using specialized computer software (Metafluor, Universal Imaging, Downingtown, USA). Cytosolic Ca 2+ activity was estimated from the 340 nm/380 nm ratio. SOCE was determined by extracellular Ca 2+ removal and subsequent Ca 2+ re-addition in the presence of thapsigargin (1 µM, Invitrogen) [32] . For quantification of Ca 2+ entry, the peak (delta ratio) and slope (delta ratio/s) were calculated following re-addition of Ca 2+ [33] . 
Confocal laser scanning microscopy
For confocal laser scanning microscopy negative and chorein silenced ZF cells were seeded on glass chamber slides (Sarstedt, Germany). After washing twice with PBS, cells were fixed with 4% PFA for 15 min and blocked with 3% BSA in PBS for 1 hour at room temperature. Then, the cells were exposed to antiOrai1 primary antibody (1:200, Abcam) at 4 °C overnight. After three washing steps with PBS the cells were incubated with CF™ 488A-labeled anti-rabbit secondary antibody (1:250, Sigma, USA) and with DRAQ-5 dye (1:3000, Biostatus, Leicestershire, UK) for 1 h at room temperature. Following three washes with PBS all slides were mounted with ProLong Gold antifade reagent (Life Technologies, USA). Images were subsequently taken on a Zeiss LSM 5 EXCITER confocal laser scanning microscope (Carl Zeiss, Germany) with a water immersion Plan-Neofluar 40/1.3 NA DIC [14, 34] .
FACS measurement
To determine Orai1 surface abundance, negative and chorein silenced ZF cells were detached, washed two times with phosphate-buffered saline (PBS) and fixed with 4% paraformaldehyde for 20 min at room temperature. Then the cells were blocked for 30 min with 3% BSA in PBS and incubated for 60 minutes (37°C) with anti-Orai1 primary antibody (1:100, Abcam). After two washes with PBS the cells were stained with a CF™ 488A-labeled anti-rabbit secondary antibody (1:200, Sigma, USA) for 30 minutes (37°C). After two washing steps samples were analyzed on a FACS Calibur flow cytometer (BD Biosciences).
Western Blotting
Orai1 protein abundance was further detected by western blotting. Negative and chorein silenced ZF cells were washed twice with ice cold PBS and suspended in 200 μl ice-cold RIPA lysis buffer (Thermo Fisher Scientific, USA) containing Halt Protease and Halt Phosphatase Inhibitor Cocktail (Thermo Fisher Scientific, USA). Protein concentration was determined using the Bradford assay (BioRad, München, Germany). Thirty µg of protein were solubilized in sample buffer at 95°C for 5 min. The proteins were separated by a 10% 
Results
The present study addressed the impact of chorein on Orai1, SGK1 and NFκB expression as well as store operated Ca 2+ entry (SOCE) in rhabdomyosarcoma cells. RT-PCR was employed in order to quantify the transcript levels of chorein and Orai1 in various rhabdomyosarcoma cell lines. As illustrated in Fig. 1A , B, chorein and Orai1 transcripts were most abundant in poorly differentiated ZF rhabdomyosarcoma cells. Accordingly, these cells were used throughout this study. As illustrated on Fig. 1C , Orai1 transcript levels were significantly decreased by chorein silencing (Fig. 1C) .
We further analyzed the effect of chorein silencing on expression of Orai1 protein in ZF rhabdomyosarcoma cells. According to confocal laser scanning microscopy ( Fig. 2A) , Western Blotting (Fig. 2B) , and FACS analysis (Fig. 2C ), chorein silencing was followed by a significant downregulation of Orai1 protein expression levels.
Fura-2 fluorescence of Fura-2-AM loaded ZF rhabdomyosarcoma cells was taken as a measure of cytosolic concentration ([Ca 2+ ] i ). Store operated Ca 2+ entry (SOCE) was triggered by depletion of intracellular Ca 2+ stores which was accomplished by extracellular Ca 2+ removal and addition of sarcoendoplasmatic reticulum Ca 2+ ATPase (SERCA) inhibitor thapsigargin. As illustrated in Fig. 3 , chorein silencing did not appreciably modify Ca 2+ release from intracellular stores but significantly decreased the peak of SOCE.
A further series of experiments tested whether SOCE is sensitive to Orai1 blocker 2-APB. As shown in Fig. 4 , the Orai1 blocker 2-APB significantly blunted the peak increase of [Ca 2+ ] i following intracellular Ca 2+ release and virtually abrogated SOCE (Fig. 4) . A next series of experiments explored whether SOCE is sensitive to SGK1 signaling. As shown in Fig. 5A , chorein silencing of ZF rhabdomyosarcoma cells decreased SGK1 transcript levels. Pharmacological inhibition of SGK1 with the SGK1 blocker EMD638683 (50 µM, 10 h) significantly decreased the peak increase of [Ca 2+ ] i following intracellular Ca 2+ release and significantly blunted SOCE (Fig. 5B-F) . removal and addition of thapsigargin (1 µM), as well as re-addition of extracellular Ca 2+ without (white symbols) and with (black symbols) prior chorein silencing. B, C. Arithmetic means (± SEM, n = 6) of peak (B) and slope (C) increase of fura-2-fluorescence-ratio following addition of thapsigargin (1 µM) in ZF rhabdomyosarcoma cells without (white bars) and with (black bars) prior chorein silencing. D, E. Arithmetic means (± SEM, n = 6) of peak (D) and slope (E) increase of fura-2-fluorescence-ratio following re-addition of extracellular Ca 2+ in ZF rhabdomyosarcoma cells without (white bars) and with (black bars) prior chorein silencing. *(p<0.05) indicates statistically significant difference from untreated cells (twotailed unpaired t-test). 2+ release and store-operated Ca 2+ entry (SOCE) in ZF rhabdomyosarcoma cells. A. Arithmetic means ± SEM (n = 6) of SGK1 transcript levels prior to (white bar) and following (black bar) chorein silencing. **(p<0.01) indicates statistically significant difference following chorein silencing. B. Representative tracings of Fura-2 fluorescence-ratio in fluorescence spectrometry before and following extracellular Ca 2+ removal and addition of thapsigargin (1 µM), as well as re-addition of extracellular Ca 2+ without (white symbols) and with (black symbols) prior treatment with EMD638683 (50 µM, 10 h). C, D. Arithmetic means (± SEM, n = 8) of peak (C) and slope (D) increase of fura-2-fluorescence-ratio following addition of thapsigargin (1 µM) in ZF rhabdomyosarcoma cells without (white bars) and with (black bars) prior treatment with EMD638683 (50 µM, 10 h). **(p<0.01) indicates statistically significant difference from absence of EMD638683 (two-tailed unpaired t-test). E, F. Arithmetic means (± SEM, n = 8) of peak (E) and slope (F) increase of fura-2-fluorescence-ratio following re-addition of extracellular Ca 2+ in ZF rhabdomyosarcoma cells without (white bars) and with (black bars) prior treatment with EMD638683 (50 µM, 10 h). *(p<0.05) indicates statistically significant difference from absence of EMD638683 (two-tailed unpaired t-test).
An additional series of experiments tested the impact of NFκB on SOCE upon chorein silencing. As illustrated in Fig. 6A , chorein silencing significantly decreased NFκB 
Discussion
The present study uncovers a novel function of chorein, i.e. the regulation of Orai1, the pore forming Ca 2+ channel subunit accomplishing store operated Ca 2+ entry (SOCE) or Ca 2+ release activated Ca 2+ channel current (I CRAC ). The effect is presumably related to the influence of chorein on PI3K. Indeed, chorein interacts with PI3K and chorein silencing decreases the phosphorylation of the PI3K-subunit-p85 in ZF rhabdomyosarcoma cells [1, 2, 17] . PI3K sensitive signaling includes SGK1 [18] . As illustrated in Fig. 5A , SGK1 transcript levels are down-regulated by chorein silencing. Decreased PI3K activity would further be expected to compromise activation of expressed SGK1 [18] . SGK1 in turn activates the transcription factor NFκB, which up-regulates Orai1, and thus SOCE and I CRAC [19] [20] [21] . As shown in Fig. 6A , chorein silencing downregulates NFκB transcript levels. Decreased SGK1 activity would further be expected to compromise phosphorylation and thus activation of IKKβ thus affecting NFκB translocation into the nucleus [18] . Collectively, the observed decrease of SOCE following chorein silencing could at least in part be due to down-regulation of SGK1 with subsequent decrease of NFκB activity and Orai1 expression. The present observations do, however, not rule out further chorein sensitive mechanisms that may participate in the regulation of Orai1 expression and SOCE.
The up-regulation of Orai1 may contribute to the previously observed supporting effect of chorein on tumor cell survival [17] . Survival of chorein expressing rhabdomyosarcoma cells, but not of colon carcinoma cells with low levels of chorein expression is compromized by chorein silencing [17] . Chorein silencing has previously been shown to trigger apoptosis of rhabdomyosarcoma cells [17] and K562 cells [3] . The effect of chorein silencing depends on chorein expression prior to silencing [17] . The impact of chorein on tumor cell survival is presumably related to stimulation of PI3K signaling, which counteracts apoptosis of diverse cells including cancer cells [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] and neurons [50] [51] [52] [53] . Along those lines PI3K inhibitors are powerful drugs in the treatment of malignancy [42, 54] . Similarly, up-regulation of SGK1 has been shown to foster tumor cell survival [18, 55] . Moreover, Orai1 and SOCE have previously been shown to support survival and therapy resistance of several tumor cell types [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] . Along those lines, 2-APB and wogonin inhibit proliferation of rhabdomyosarcoma cells [31] . The previous observations and present study, do, however, not rule out the contribution of further mechanisms other than Orai1 and SOCE to the influence of chorein on rhabdomyosarcoma cell survival.
On the other hand, Orai1 and SOCE may contribute to further chorein sensitive cellular mechanisms. Besides its effect on cell survival, chorein participates in the regulation of dopamine release [66, 67] . Chorein stabilizes the cortical actin filament network [3] and intermediate filament structures [16] . The cytoskeleton in turn influences cell shape, exocytosis, membrane blebbing and receptor function [3, [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] . Moreover, chorein sensitive Orai1 expression and function may modify the survival and function of further cell types. Chorein expression is particularly high in testis, kidney, spleen and brain [13] . The clinical course of chorea acanthocytosis reveals that survival of neurons and skeletal muscle cells are particularly dependent on chorein [5, 10] .
In conclusion, the present observations reveal a novel function of chorein, i.e. the upregulation of the Ca 2+ channel Orai1 and thus of store operated Ca 2+ entry. Chorein thus participates in the regulation of Ca 2+ sensitive cellular functions.
